Precision medicine is a modern concept that has been used since 2011 to describe tailored accurate medical treatments selected according to individual characteristics of each patient. Each patient's disease is analyzed according to molecular data, genomics, and systems biology in this model to establish the patient's disease process at the molecular level and select appropriate treatments. The patient's response is then closely monitored with direct or surrogate measures such as biomarkers, and the treatments can then be adapted according to the patient's response. The combination of traditional gross and microscopic metrics combined with molecular profiling is precision medicine. 1
Personalized Medicine vs Precision Medicine
Precision medicine is a similar concept to personalized medicine, which is a term that has been used for the past decade. Personalized medicine refers to determining specific information about a patient and then prescribing a treatment that is specific for that patient. Personalized medicine involves defining disease subtypes and defining biomarkers that can identify (1) which patients who are most likely to benefit from a specific treatment and (2) which patients are most unlikely to respond or likely to experience side effects. 2 Although precision medicine resembles personalized medicine, the term "precision medicine" is now the preferred term among most scientists who are applying genomics to classify disease for individualized treatments. We are now hearing about many new precision medicine research programs and companies. The main reason for the shift to precision medicine, in my opinion, is that personalized medicine as a concept has not delivered as many specific gains from genomic analyses as proponents of that field were hoping. Therefore, the genomics community has embraced a new term, "precision medicine," as a refresh term to get people thinking again about individualizing therapy based on molecular information as well as other new types of genotypic and phenotypic information. 3
Big Data
An important reason for the migration from "personalized medicine" to the new term of "precision medicine" is the introduction of big data into the process of individually profiling diseases and patients. Currently, over 2 billion people worldwide are connected to the Internet, and over 5 billion individuals own mobile phones. Furthermore, remote sensors are continuously producing much heterogeneous data that are either structured or unstructured. By the year 2020, 50 billion devices are expected to be connected to the Internet. At this point, predicted data production will be 44 times greater than that in 2009. 4 Big data refers to the use of multiple unrelated complex databases analyzed together with nontraditional data processing applications to identify novel relationships. Many new types of databases can be linked with molecular databases to power a precision medicine concept. Most of these data sets were not readily available or usable just a few years ago.
Thanks to emerging technologies, patient-specific data have recently become available from previously unmined sources. 5 Modern tools for collecting large amounts of new types of digital data are listed in Table 1 . These new sources of data have created new interest in personalized medicine treatments based on these new phenotypic databases combined with increasingly available molecular information, such as the genome, the epigenome, and the proteome. Greater individualization of medical care will become possible when traditional sources medical information (the history, physical examination, and laboratory panel) can be augmented by 2 new powerful sources of information. These sources are (1) data mining for multidimensional phenotypic data 6 and (2) improved genomic and omics analyses for structural and functional genotypic data, including pharmacogenomic data. 7 This is now the right time to reclassify the use of genomic information in medicine because of newly available sources of phenotypic and genotypic big data. The addition of data mining to improved genomic analyses has led to the new term "precision medicine" being applied to what was previously a more limited concept of classifying and specifically treating diseases known as "personalized medicine." A greater understanding of the pathogenesis of a disease will lead to identification of clinically relevant biomarkers, possibly actionable genetic mutations, and ideally druggable (or therapeutic) targets. If a potential target is identified, then drug target validation must be conducted to ensure that the target has a causal role in the disease. 8
The New Taxonomy
Proponents of using the new term "precision medicine" instead of "personalized medicine" point out that some people had used the term "personalized medicine" incorrectly to mean that unique treatments can be designed for each patient or that research could legitimately include anecdotal success stories or "n of 1" studies. Precision medicine on the other hand implies that through analysis of 1 or more databases (probably including a genomic analysis), it is possible to identify a patient's precise disease or subpopulation of that disease and prescribe treatments that can be predicted to be highly likely (but not certain) to be effective, based on the outcomes from the multiple databases that powered the analysis. 3 The term "precision medicine" was first widely used in an important 143-page National Academy of Sciences report published in 2011 from the National Research Council Committee on a Framework for Development of a New Taxonomy of Disease, titled Toward Precision Medicine: Building a Knowledge Network for Biomedical Research and a New Taxonomy of Disease. 9 The report presented the conclusions of a NRC committee that met to explore the feasibility and need for developing a new taxonomy of human diseases based on molecular biology and a framework for creating one. The committee reached made 6 recommendations on this topic ( Table 2 ). The committee concluded that a major beneficiary of the proposed knowledge network of diseases and new taxonomy would be precision medicine, whose ultimate end point is the selection of a subset of patients who are most likely to benefit from a drug or other treatment ( Figure 1 ).
Role of Analyses in Precision Medicine
A human genome contains more than three billion base pairs. 10 The cost of obtaining a single human genome sequence has come down rapidly over the past decade and a half so that the type of genomic analysis required for precision medicine is much more readily available (ie, affordable) than ever. The National Human Genome Research Institute estimated that the total cost of obtaining a single human genome sequence in 2001 was $95 million. By the time of the taxonomy report in 2011 the cost was $21 000. 6 In 2014 Illumina launched its HiSeq X Ten Sequencer, which delivers the first $1000 genome. 11 The greater availability of such genetic information combined with new databases have both led to renewed hopes that specific descriptions of patients at the molecular level and individualized predictions of responses to treatments will soon become powerful tools for precision medicine.
Thanks to new diagnostic tools and genomic analysis, predictive biomarkers and prognostic biomarkers have been identified for many diseases that can guide which treatment to be prescribed and at what point in the course of a disease. Specific therapies can be developed that are targeted against cells with specific features or genetic mutations. This precision medicine approach was first used on cancer and can also be used with other diseases. As drugs become developed targeted at specific genetic mutations, it is likely that accompanying diagnostic tests for biomarkers will also become available to confirm whether the target biomarker is present.
Genomic Analyses for Diabetes Risk
Genes signifying increased risk for both type 1 and type 2 diabetes have been identified. Genomewide association studies have identified over 50 loci associated with an increased genetic risk of type 1 diabetes. Several T1D candidate genes for increased risk of developing type 1 diabetes have been suggested or identified within these regions, but the molecular basis by which they contribute to islet cell inflammation and beta cell destruction is not fully understood. 12 Also, several candidate genes for increased risk of developing type 2 diabetes have been identified, including peroxisome proliferatoractivated receptor gamma (PPARγ2), angiotensin converting , fatty acid binding protein-2 (FABP2), and fat mass and obesity associated gene (FTO). 13 The conclusions of a "Workshop on Metformin Pharmacogenomics," sponsored by the National Institute of Diabetes and Digestive and Kidney Diseases, were published in 2014. 14 The meeting was intended to review metformin pharmacogenomics and identify both novel targets and more effective agents for diabetes. The idea behind the meeting was that understanding the genes and pathways that determine the response to metformin has the potential to reveal new drug targets for the treatment of diabetes. The group noted that there have been few genes associated with glycemic control by metformin, and the most reproducible associations have been in metformin transporter genes. They acknowledged that nongenetic factors also contribute to response to metformin and that broader system biology approaches will be required to model the combined effects of multiple gene variants and their interaction with nongenetic factors. They concluded that the overall challenge to the field of precision medicine as it relates to antidiabetes treatment is to identify the individualized factors that can lead to improved glycemic control.
Omics is the characterization of various types of biomarkers that compose the structure and function of an organism, known as the metabolome. Omics reflects how information encoded at the genomic level is implemented at the transcriptomic, proteomic, and glycomic levels. 15, 16 In recent years it has become apparent that understanding the metabolomic pattern is a critically important supplement to genetic analysis and using metabolomic biomarker data will be important for precision medicine. 17
Precision Diabetes Clinics
I predict that soon we will be seeing the appearance of precision diabetes clinics. These clinics will be multidisciplinary, with emphasis on prevention for patients with prediabetes and adherence with therapy for patients with diabetes. Such clinics would use diabetes technology devices and mHealth tools. The clinic would be equipped to interpret wirelessly transmitted data streams of glycemic patterns delivered by self-monitoring of blood glucose and continuous glucose monitoring systems, as well as insulin doses and timing delivered by pumps 18 and pens. 19 All the data would be wirelessly transmitted to the cloud for subsequent review by patients, relatives, and health care professionals. A clinic would also work with emerging wearable devices that make physiologic measurements, track exercise, track sleep, or monitor food intake. The clinic would provide new technologies for monitoring adherence to treatment so physicians would know when poor outcomes should lead to dose escalation and when they should lead to new (and sometimes more costly or more risky) therapies. The clinic patients would be offered tests of the latest biomarkers, including genomic sequences, circulating biomarkers, and other types of biomarker metrics. These tests would be for (1) classification of disease and its complications, (2) assistance with selecting treatments, and (3) prognosis of complications to assist with setting treatment goals. A precision diabetes clinic will provide (1) genetic and omics information and counseling; (2) a digital phenotypic assessment and counseling based on an extensive set of laboratory tests, sensor information, digital images, and personalized data analysis; (3) sensor-based behavior assessment and lifestyle counseling; and (4) genomic-based pharmacotherapy where appropriate (Figure 2 ). 
Barriers
Several potential clinical and technical barriers will have to be overcome for precision medicine clinics to be successful. Four technical barriers to the success of precision medicine clinics include analysis, usability, privacy, and security. First, big databases are often siloed and can be distributed across multiple big data repositories, spreadsheets, mobile applications, random access memory caches, external clouds, videos, and unstructured social media websites. 20 New analytics tools are needed to analyze and interpret the various types of data to reveal meaningful insights. Second, it is important for a medical clinic using big data to have a user gateway that can efficiently decompose queries and then quickly and accurately compose results. 21 The gateway interface must contain a good user interface to facilitate effective data mining. Third, the privacy of sources of data composing the big database must be assured. Fourth, the security of data regarding clinic patients must be assured for clinic patients. 22 Four clinical barriers to the success of precision medicine clinics include specificity of therapy, cost, reimbursement, and accuracy. First, phenotypic and behavioral data provided by sensors and other digital measurement tools can lead to effective structured treatment plans, but for many genetic and genomic variants, there is no clear consensus on how to treat patients with these findings. 23 Second, the cost of genomic analysis and interpretation can still be a problem, even though the cost of such testing has fallen considerably in recent years. Third, there is no clear policy for reimbursement for this new approach. Fourth, the specificity of the precision medicine tests must be well validated for them to be useful, but for many genes associated with type 2 diabetes, the increased risk for each candidate gene is small and less than the risk of widely practiced unhealthy behaviors. Serial measurements of biomarkers may prove to be more useful than static measurements for predicting individual risk. 24 Furthermore, there is too little information known at this time about what findings in one ethnic group might mean for a different group.
Conclusions
Precision medicine promises to combine individual data about genetic predispositions to diseases, biomarker information about disease risks and responses, and physiologic and behavioral data from new sensors and databases to create rich patterns that can predict risks and responses in a very precise way. The new taxonomy of diseases that is now being developed will aid the pursuit of precision medicine by defining at the molecular level new diseases and subtypes that can be treated in a specific way. Using genetic data and other databases from a big data perspective, diabetes and other diseases will become classified into disease subsets, all with their own best treatments. Precision medicine clinics will channel new sources of information assembled into clinically focused data sets and will use the emerging data streams to deliver individualized treatments for patients with phenotypically similar but genotypically and molecularly dissimilar diseases.
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